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I. INTRODUCTION This paper will explore the interplay between the retailer's dilemma of product shrinkage and the solutions advocated by RFID vendors and associations to minimise product shrinkage. RFID as an emerging technology holds the potential to fulfil the needs of stakeholders in the supply chain. The recent ratification of Generation-2 (Gen-2) RFID and the Electronic Product Code (EPC) standard developed by Global Standards One (GS 1) has greatly influenced the adoption of RFID in certain industries. Despite these current standards supporting the technology, there still remain a number of challenges that prevent RFID appealing to the retail industry. These challenges involve overcoming barriers and inhibitors to the adoption of RFID The concept map for this study was used to create themes for further discussion topics (Table 1) . A total of six major concepts were discovered within the interview transcripts, each of which forms part of this paper. [3] . In other words, when RFID tags can be produced on a larger scale with less input costs economies of scale are thus achieved. The latest silicon technology and other advancements in RFID are to influence production volumes due to the lower costs of such materials (RFID Vendor 4). As illustrated in Figure 2 , as the price of RFID tags fall and become more affordable, the adoption of RFID will increase. As predicted by RFID Vendor (2) "the magic number in the industry is 10 cents a tag" and retailers are more likely to see a return on investment with an RFID solution that is consistently cost effective. Nonetheless, the technology relies on other components rather than readers and tags alone. IV. BARRIERS TO ADOPTION There are a number of challenges that are currently restraining the proliferation of RFID in the retail industry as a SCM solution and as a means to minimise product shrinkage. These barriers to adoption were identified as cost, lack of awareness, immaturity of RFID technology and differing perceptions of product shrinkage and RFID.
A. Cost This study revealed through supporting evidence that RFID is currently too expensive to be implemented by a retailer. The retailer's existing application of EAS tags to certain products is cost driven by the unit price or product lines deemed to be high-theft targets. According to the retailer's Loss Prevention Manager (1), cost prohibits the investment of newer generations of RFID at this stage. Although the technology has improved dramatically over the past decade, the cost of various RFID components remains a significant inhibitor to its adoption. It was agreed on by both the retailer and the RFID vendors and associations that cost was the most .~~~~~~~~~~~~~~~~~~~~~~~.
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Middleware was also found to be an expensive component of an RFID system. As suggested by RFID Vendor (4): "you might need to get a middleware company involved like IBM or SAP and that's where your large costs are." Many vendors were providers of hardware-based solutions and relied on a third party to integrate middleware and the communication between RFID tags and a Warehouse Management System (RFID Vendor 2). It was therefore confirmed that the overall costs involved in an RFID implementation are a barrier to its adoption. The technology may exist to build an RFID solution for a retail supply chain, yet it all comes down to developing business cases (RFID Vendor 3) and improving the general awareness of the technology in the industry.
B. Lack ofAwareness Another commonly occurring concept was 'think' which represents the lack of awareness of RFID technology. It was found that the overall awareness of Gen-2 RFID within the retailer studied was generally low. Loss Prevention staff members had a reasonable understanding but failed to recognise the true potential of RFID as a retail SCM solution and an effective loss prevention mechanism. This lack of awareness requires information sources to be directed at retailers to instigate a solution.
The RFID Association involved in the study was a nonprofit organisation, solely established to increase awareness of RFID through communication and forming a knowledge base. An interesting point raised by the RFID Consultant was that RFID "brings different knowledge into the same room" (RFID Association). This suggests that integrating RFID across the supply chain may require more than just the retailer and an RFID vendor. Perhaps other parties need to be involved such as; standards bodies, government departments, product manufacturers, logistics companies, wireless and other innovative technology providers.
Forming business consortiums may instigate an alternative driver for RFID. [6] . The study involved numerous participants ( Table 2 ). As part of a pilot study, these participants set out to discover the benefits of RFID in a retail supply chain environment. The project formed a business case with a principal finding that internal knowledge and the use of standards is essential to a successful RFID implementation [6] . The study also advised that it is important that retailers in search of similar solutions investigate their own business challenges [6] . This could be made possible by forming consortiums and establishing a common goal through forming agreements or industry compliance mandates. A business challenge identified through the research in this thesis was product shrinkage; the retailer's dilemma.
C. Immature Technology To be become a well established and accepted technology, like barcodes, RFID needs further development.
As acknowledged by RFID Vendor (4) retailer's have "got some pretty good systems that have matured over time and it would be difficult to see where RFID could actually improve those systems." In this instance, the vendor is referring to legacy barcode systems. RFID Vendor (1) also supported this theory: "retailers have invested an immense amount of money in moving their products from their distribution centres out to their stores and they do that quite well in this point in time." RFID has a long way to go before its proliferation industry wide.
The suppliers of RFID equipment are also limited. For example, the Managing Director of RFID Vendor (5) claimed that his company is the only manufacturer in Australia for ultra long-range active tags. Using advanced battery management technology, similar to that of mobile phones, this type of tag has a battery life of seven to eight years (RFID Vendor 5). As a leading edge technology only recently available to the Australian market, suggests that these tags would most likely be expensive. This is yet another inhibitor to the adoption of RFID.
When asked whether RFID was hype or reality, the RFID Standards Body claimed that it is "somewhere in between". In the case of Wal-Mart in the United States RFID is a reality (RFID Standards Body). However, in Australia, even though we consider RFID a reality, there are only fifteen major deployments including toll-ways on motor highways (RFID Standards Body). Conversely, RFID Vendor (5) It's only some of the big players that are only interested in the multi billion dollar deals with the likes of the Department of Defence and Wal-Mart, that are really getting into this. Down at the normal level, there are very few players that provide an actual solution. We're one of the few that do."
In this light, RFID may well be a reality, yet in an Australian context it is still considered to be in its infancy. The barriers to entry expand even further when considering user perceptions of the technology. As this thesis is concerned with product shrinkage as a means to minimise product shrinkage, it was relevant to discover the differing views of product shrinkage and RFID.
V. THE CONVERGENCE OF RFID AND LEGACY SYSTEMS
Australian retailers have invested large amounts of time and capital into refining their existing legacy barcodes systems. What was highlighted by numerous RFID vendors and associations involved in the study, is the inevitable convergence of RFID and barcode systems, suggesting that both technologies be integrated into the retail supply chain.
Coordinator from the RFID Standards Body was asked about the convergence of UPC, EAN and EPC standards. He explained that EAN and UPC form part of the EPC standard which is known as tag data standards (RFID Standards Body). Uniting barcodes and RFID using smart labels and tag data standards faciliates a transition period from a combined barcode and RFID solution, to RFID only. However, RFID Vendor (6) predicted an 'RFID only' solution for a retail supply chain to be highly unlikely. The levels at which RFID tags are to be applied to products and other assets across the retail supply chain is also significant. Interestingly, The Managing Director (RFID Vendor 6) mentioned that he would be very surprised if bar code systems were ever phased out completely. The future potential for barcodes to operate in conjunction with RFID as a backup system was also envisaged (RFID Vendors 3-6). The RFID Consultant from the RFID Association also stressed the importance of smart labels. A smart label is an adhesive label with a barcode and an RFID tag (Figure 3 ). This technology is designed to support cross-compatibility between barcode and RFID systems within a supply chain configuration. Dual compatibility of smart labels has required the development of a new standard for data storage.
Technology standards also need to converge if RFID and barcodes are to coexist. The Standards Development Time Figure 3 . The Barcode and RFID Adoption Lifecycle A. Level of Tagging RFID tags can be applied to objects at various levels. The three main levels include: item-level, carton-level, pallet-level and container-level (RFID Vendors 1-7; [7] 
Reliability and
Barcodes are quite reliable and accurate, but are subject to Some initial read reliability and accuracy issues have been discovered Accuracy operator mistakes and environmental hindrances. through pilots, however these are being solved as the technology matures. The technical nature of RFID and lack of human involvements means that theoretically its reliability and accuracy will be extremely high. Line-of-sight Barcodes are limited by line-of-sight optical scanning. The radio nature of RFID means tags can be scanned remotely through Consequently, objects often have to be manually packaging. It of a loss prevention strategy for a retailer. Primary themes discussed the barriers to RFID adoption encompassing the costs involved in a solution, lack of awareness, RFID as an immature technology and the differing perceptions of product shrinkage and RFID. As each barrier to entry was examined, reciprocal relationships were found to exist between the retailer and RFID vendors and associations involved in this study. Investments made by retailers in legacy systems, was found to influence the convergence of RFID and barcodes supported by smart labels and tag data standards. With the various levels of RFID tagging available, it was determined that both pallet-level and carton-level tracking were most appropriate for an Australian retail application. Building upon business cases like the Australian Demonstrator Project and forming consortiums was found as a primary instigator to the future deployments of RFID. Source-tagging products at the point of manufacture was also supported by both the retailer and RFID vendors and associations as a means to minimise product shrinkage at various point across the supply chain, other than point of sale. These types of initiatives are likely to reinforce the overall success of an RFID SCM solution as part of a loss prevention strategy. Finally, it was discovered that the incorporation of retail supply chain stakeholders is critical to the overall effectiveness at which an RFID solution can function in order to minimise product shrinkage.
